We study in the present work, the properties of pseudo-scalar light meson, in particular the elastic electromagnetic form factors and the decay constant for pseudoscalar mesons; also the transition form factor for the pion. In the case of the calculation for the elastic electromagnetic form factors and the decay constants, the model used is the covariant light front model (LFCM), utilized in a previus work in the heavy hadronic sector. For the transition form factor, the models of the wave functions employed are the gaussian and the hydrogen-atom wave function. The pion system is compose by constituents confined quark-antiquark pair bound state, wich in the present model is given by the Pauli-Villars regulators in order to regularize the Beth-Salpeter amplitudes.
Introduction
In general, electromagnetic form factors are important font of informations about the internal structure of hadronic bound states. The few observables, for example the magnetic momentum and the total charge give many informations about the hadron in question. However, in the case of the light mesons, the relativistic behavior depend of the habronic substructure in terms of the fundamental constituents, quarks and gluons. The nonperturbative structure of hadrons bound states is a very hard task in terms of the quantum chromodynamics (QCD) degrees of freedom [1] and the phenomenological models [2, 3] wich parametrized the QCD properties of bound state mesons is able to give some answers in fit the experimental data [4, 5, 6] .
The model utilized in the present work is the a relativistic constituent covariant quark model (Light-front covariant model,LFCM) [7] , formulated with the light-front form of dynamics, proposed by Dirac [8] (see the reference [9] for details).
Here we study the electroweak properties of the light pseudo-scalar mesons, in particular, we address the electromagnetic form factors of the pion and kaon; also the transition form factor for the pion decay in two photons.
Bethe-Salpeter Amplitude Model and Wick Rotation
The vertex meson −model used to build the Bethe-Salpeter amplitude is writing with the function [2, 7] Λ
λ M is a scale associated with the meson valence wave function and n is the power of the regulator;
here, m 1 and m 2 are the quark and anti-quark masses within the hadronic bound state. The factors
2 ) on the numerator of the vertex function, Λ M (k, p), avoids the cuts due thescattering if m 1 + m 2 is smaller than the meson mass. The λ M obeys the condition 2 λ M > , in order to confine the meson bouns state.
With the the vertex function done above, the eletromagnetic form factor for the pseudoscalar mesons are given by the Mandelstam formula:
Where S F (p) is the Feynman propagator of the quark with the constituent mass m q and Λ M is the meson −vertex function presented in the last section. N c = 3 is the number of quark colors and p µ and p ′µ are the initial and final momenta of the system; q µ is the momentum transfer. The electromagnetic form factor for pseudoscalr meson is calculated with the matrix of the electromagnetic current given by the equation:
The weak decay constant of the pseudoscalar mesons is written as 
In order to integrate the equation above, the Wick rotation [10] is formulated in the light-front approach [7] . With the instant form approach, the Wick rotation consist in change the timemomentum by the complex time momentum, k 0 −→ ık 0 [1] . The Wick rotation is utilized to solve the Beth-Salpeter (BS) equation in the Euclidian Space, because in the Minkowski space, the BS equation it difficult to solve because the singularities. Nevertheless, in the light-front case, the choice of the frame used to calculated the Feynnman amplitudes is important, because the poles position in k − complex plane are frame dependent. The frame utilized for the calculation of the amplitudes with the light-front field theory are important, since is related with the breaking of the covariance of the eltromagnetic current by the non-valence contribuition to the matriz elements of the eletromagnetic current [11, 12, 13, 14, 15] . For the elastic electromagnetic form factors, the frame used in the literature in the past, is the Breit-frame with the condition q + = 0, call in the literature as the Drell-Yan condition. This frame was accepted in the past as free of the zero modes or pair terms contribuition to the matriz elements of the electromagnetic current. But is not the case; not only the frame are important to calculated the electromagnetic processes, on the other hand, the component of the electromagnetic current utilized to extract the observables is also very important [13, 15] . In the reference [13] the pion meson electromagnetic elastic form factor was calculated with the plus and minus components of the electromagnetic current. In the case of the minus component of the current, besides the valence contribuition for the minus component of the electromagnetic current, we have contribuition of the non-valence components. The observables after the inclusion of the non-valence component are the same calculated with the equal time quantum field theory [1] . In the light-front approach, the Wick rotation is applied in order to avoid the singularities associated with the poles in the Bethe-Salpter amplitudes in the calculated matriz elements of the electromagnetic current [7] .
The wick rotation in the light-front approach correspond to change the minus component of the quadri-momentum k − by k − e θ . Calculation with the Wick rotation formulated in the lightfront envolve the θ angle of the rotation, which permit deform the integration contour to real for the complex plane.
Elastic Form Factors for Pion and Kaon
The observables for pseudoscalars mesons, pion and kaon, are calculated with the vertex (Eq. 2.1), present in the previus section. The calculation envolve the rotation Wick angle between 0 ≤ θ ≤ 90 0 and the equation below prove the consistence of the method: The pion is calculated with the power vertex n = 2 and some differents θ Wick rotation angles, compared with the experimental word data for the elastic electromagnetic form factor [4, 5] . Also the calculation with Eq. (3.1) are showed and prove the consistence of the Wick rotation with the light-front field theory. In the right, the kaon elastic form factor calculated with the n = 2, 3, 4 in the LFCM is compared with the experimental data [4] . In contrast with the pion, for the kaon not have new experimental data for observables, and it is difficult to compare new theoretical or phenomenological models in order to decide the best description to the kaon bound state [16, 17, 18] . However, phenomenological models are important, because these models given some insights about the possible answers for the strange sector of the hadronic mesons bound states. For the model here (LFCM), the elastic electromagnetic form factor for the kaon is calculated with the vertex function (Eq. 2.1) and for the present calcultion, have the angle for the Wick rotation fixed at 90 0 and the power of the vertex function running between
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Pion Electromagnetic Form Factor J. P. B. C. de Melo a n = 2, 3, 4. The results for the elastic electromagnetic form factor at the Fig.2 , in the kaon case, show at low energy a weak dependence with the power n of the vertex function. However between 1 and 2 GeV some difference for differents choices of the power n appear. At higher momentum transfer, up to 5.0 GeV 2 , all n utilized here give the same electromagnetic form factor for the kaon.
The parameters of the model are fixed by the pion and kaon decay constants [19] .
Pion Decay
The pion decay process in two photons it a simple and important test to QCD. After the new experimental data from Babar [20] , wich have studied the reaction e + e − → e + e − π 0 , the pion decay have a great attention [21, 22, 23, 24, 25] . The new data from Babar advocate the prevision made by perturbative QCD [26] for the pion decay is not satisfactory after 15 GeV 2 . In the present work, the effective interaction lagrangian
is utilized, here m is the constituent quark mass, f π is the weak decay constant and, π an q the pion and the quarks fields, the units areh = c = 1. The amplitude for the transition of the pion in two photons is given by the triangle diagram. The tensor amplitude T µν , have two components
The tensor t µν (k 1 , k 2 ) is obtained subsequent the traces in the spinor and flavour space are complete [1] :
The integral I(q 2 ) is
Were, N c is the number of colors (=3), k
is the spacelike momentum transfer, and e 0 is the umit charge. The factor 1/3, in Eq. 4.3, comes from the traces in the flavour space. The integration of the Eq.( 4.4), are performade with the light-front coordinates, k + = k 0 + k 3 and k − = k 0 − k 3 , and after k − integration, the pion aymptotic wave function appear [13, 27, 28] . The frame utilized have q + = q − = 0 and the momentum transfer are transversal q ⊥ = 0. The final neutral pion electromagnetic transition form factor is is given by the the central formula of the present work form-factor for a light-front of the quark bound-state wave-function: 5) with the definitions
and
M 0 is the free mass operator; the pion wave-function, Φ(K 2 ), is normalized to one. The phenomenological light-front wave functions, Φ(k 2 ), utilized at this point are the Gaussian,
and the Hydrogen-atom, 1/(R −2 nr + k 2 ) 2 , which depende of two independent parameters, the quark mass and the non-relativistic charge radius R nr . The parameters are fixed by the experimental pion decay constant f π = 93.4 MeV [19] . 
Results and Conclusion
In the present work we have calculated the elastic eletromagnetic form factor for the pseudoscalar mesons, pion and kaon with the LFCM and the results are compared with the experimental data. The parameters utilized in the present work are given in the table in the text. The table show some results for the pion not present in the figure 1; but also, the powers n = 3, 4, describe the pion elastic form factor very well. In the pion case, the new data existe, but is not the case of the kaon. Both mesons are presented in the figure 1. The LFCM, describe very well the electromagnetic pion elastic form factor for the power n = 2 up to 10 (GeV /c) 2 (see the figure) .The kaon electromagnetic form factor presente here, is calculated with the powers n = 2, 3 and 4 and the compared with the experimental data [4] . In the case of the pion transition form factor, the models of the wave functions utilized here is in agreement with the data from the reference [29] at low momentum transfer, however, in higher momentum, the models wave functions employed here
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Pion Electromagnetic Form Factor J. P. B. C. de Melo a is not agree with the Babar data [20] . The results exposed for the pion transition form factor need more explorations front the Babar new data [20] .
